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I. INTRODUCTION
The recent crisis demonstrated how rapidly financial distress can be transmitted to the domestic economy and across borders. The U.S. subprime crisis weakened balance sheets of banks, households and corporates put major financial institutions in that economy and other advanced economies on the brink of bankruptcy, were it not for large government bailouts. The subsequent tightening of global financial conditions, together with the seizure of capital markets, reduced the availability of funding for nonfinancial corporations around the world, hampering their capacity to produce, export and invest. Households (and consumption) in advanced economies were also hit: many individuals lost their jobs and experienced large declines in net worth. Confidence fell around the world, and with it, activity.
Credit has played a key role in the transmission of financial distress to the broader economy, consistent with evidence from the literature. Indeed, studies by Gilchrist et al (2009) , Marcucci and Quagliariello (2008) , Jacobson et al, 2005, and Carlson et al (2008) show that the credit channel is the main channel of transmission of financial distress, the strength of which hinges on that of the financial accelerator-the extent to which borrowing costs depend on the external finance premium that reflects borrowers' net worth (Bernanke and Gertler, 1995; Bernanke, Gertler and Gilchrist, 1999; and Kiyotaki and Moore, 1997) . In this process, the health of banks' balance sheets, particularly the size of their capital, have a bearing on the amount of credit banks provide-the so-called bank capital channel (Bernanke, Lown, and Friedman, 1991; and Kashyap and Stein, 1995) . At the same time, banks' ability to increase leverage plays a similar role (Adrian and Shin, 2008; and Berger and Bouwman, 2008) .
The evidence on the transmission of financial distress has mostly been limited to advanced economies and seldom uses a framework that integrates macroeconomic, financial and (nonfinancial) corporate sector variables. For example, recent papers on credit risk (Carlson et al, 2008; and Pesaran et al, 2004) examined the spillover effects of credit risk shocks in a multi-country context, using a global vector autoregression model (Dees et al, 2007) , but with the credit risk modeled separately from macroeconomic variables. Financial distress in these papers is measured as bank capital or borrowers' default risk, proxied by corporate bond spreads, credit default swap spreads or data on actual defaults. These data are available only for a limited number of (mostly advanced) economies, which limits the scope of analysis.
This paper attempts to fill the void in the literature by providing an integrated analysis of the linkages between bank and (nonfinancial) corporate sectors in the global economy. It does so by introducing forward-looking measures of default risk for banks and corporates into a Global Vector Autoregression (GVAR) model proposed by Pesaran, Schuermann, and Weiner (2004) . Bank and corporate default risk is proxied by the respective Expected Default Frequencies (EDFs) from Moody's KMV Credit Edge. The EDF uses information on a bank's or corporate's balance sheet and equity market data, and is often referred to as the equity market-implied default risk (Vassalou and Xing, 2004) . The limited data requirements for calculating the EDFs mean that such measures can be created for a large number of financial and non-financial corporate firms across the world, including those from emerging markets, which is a great advantage for the analysis of international spillovers. In addition to the EDFs, the GVAR model includes macroeconomic variables, such as industrial production, real short-term interest rates, real effective exchange rates and real stock prices; oil prices are treated as a global factor.
Like the earlier studies, the study finds linkages between the financial sector and the real economy, with distress in the banking or corporate sector having significant effects on activity in domestic economies. In particular, the results show that bank distress amplifies corporate distress, reduces industrial production and stock prices, and tends to be accompanied by a depreciation of real effective exchange rates and lower real short-term interest rates. Corporate distress has broadly similar macroeconomic effects.
Bank and corporate distress are also found to have significant global repercussions, albeit with striking differences for advanced and emerging economies. International spillovers are stronger when financial distress originates in large advanced economies, particularly the United States. The impact of corporate distress originating in advanced economies on growth in emerging economies tends to be larger than the impact of advanced economies' bank distress, consistent with a more prominent role of trade channels in the transmission of advanced economies' shocks to emerging economies. In contrast, advanced economies tend to be more vulnerable to bank distress than corporate distress, reflecting the greater role of the financial sector in these economies.
These conclusions are qualitatively robust to a variety of changes in model specification, including alternative weights and ordering of variables. When bank and corporate default measures are excluded from the model, the effects of shocks are similar in direction but smaller in magnitude. Thus, bank and corporate balance sheet channels appear to be an important amplifier of the international transmission of shocks, consistent with the financial accelerator mechanism and findings by Dees et al (2007) . The findings also appear broadly consistent with experiences during the recent financial crisis.
The rest of the paper is organized as follows. Section II presents the GVAR framework and describes the data, particularly Moody's KMV EDFs. Section III discusses the results of selected shocks. Section IV concludes.
II. METHODOLOGY AND DATA
The GVAR model of Pesaran, Schuermann and Weiner (2004) provides a multilateral dynamic framework for the analysis of interdependence and international transmission of country-specific shocks among a large number of economies.
A. Structure of the GVAR Model
The structure of the GVAR model can be summarized as the follows. Consider N+1 economies, indexed by i = 0, 1, 2, ..., N, and a vector x it of i k domestic variables for each economy. Stacking the vectors of country-specific variables,
a VAR in t x would contain too many parameters to be estimated if the time dimension T of the data is not much larger than the number of economy N. Instead of regressing t i, reflects interdependence among economies and serves as a proxy for the unobserved common effects across economies. The country-specific foreign variables and common factors are treated as weakly exogenous (if confirmed by statistical tests), i.e., they are "long-run forcing" country-specific domestic variables. The term "longrun forcing" means that in the equations for foreign variables, the coefficients on the errorcorrection terms are set to zero. The dynamics of foreign variables are not influenced by deviations from the long-run equilibrium path, in contrast to the dynamics of domestic variables.
The VARX* can be estimated economy by economy using the ordinary least squares (OLS) method or rank-reduced approach if the cross-dependence of the idiosyncratic shock is sufficiently small, that is:
From equation (3), it can be seen that
and i W is an appropriately defined weighting scheme. Thus, stacking (4) across i , the endogenous variables can be solved for in a global system:
Equation (8) is a VAR for the complete set of domestic variables for all economies.
The advantage of the GVAR model is that it makes the estimation of (8) feasible by accounting for interdependence among economies and then estimating the partial system on a economy-by-economy basis, which implies allowing for modeling a large number of economies. The impulse response is computed based on (8).
The vector for domestic variables is given by:
where it edfb denotes the logarithm of asset-weighted average expected default frequency (EDF) of banks and it edfn for (nonfinancial) corporates, it r is the real money market rate, it y is the logarithm of industrial production, s it p the logarithm of real share price index, and it q is the logarithm of the real effective exchange rate. 
The vector for foreign variables for each economy except the United States is given by:
We do not construct foreign effective exchange rates to minimize the number of parameters to be estimated, since information about foreign economies' currency is captured in the (trade-weighted) real effective exchange rate it q .
The foreign variable for the United States is constructed as:
Given the large influence of the U.S. financial variables on global markets, the U.S. foreign financial variables are less likely to be weakly exogenous for the U.S. domestic variables.
That is the main reason we do not include the U.S. foreign financial variables in the equations for the United States.
The spot oil price is included as a common factor s t d  to remove the common component in the reduced form residuals. Another candidate for inclusion as a common factor could be the index of global stock price volatility VIX, to ensure that the EDF shocks are purely idiosyncratic. However, because the VIX is driven by volatility in U.S. share prices, it is not weakly exogenous to the U.S. variables. Adding it separately will not augment the information content of the model. Equations (3) and (4) show that the spillover effect of a foreign variable on a domestic variable is proportional to the weight lij  , which measures the relative importance of economy i to economy j in transmission. Since the transmission channels for financial variables are likely to be different from the transmission channels for the variables measuring real activity, we use financial weights to construct foreign financial variables-EDFs, real money market rate, share price index and real effective exchange rate-and trade weights for industrial production.
B. Sample, Variables, and Weights
The GVAR model covers 30 economies, including 21 advanced-Austria, Australia, Belgium, Canada, Denmark, Finland, France, Germany, Hong Kong S.A.R., Ireland, Italy, Japan, the Netherlands, New Zealand, Norway, Singapore, Spain, Sweden, Switzerland, the United Kingdom, and the United States-and 9 emerging economies-Brazil, China, India, Indonesia, Malaysia, Mexico, the Philippines, South Africa, and Turkey. Measures of financial distress, EDFs, are from Moody's KMV (MKMV). MKMV is a commercial product that uses a modified version of the Merton model (1974) to calculate the expected default frequency (EDFs) for 35,000 financial institutions and nonfinancial corporates in 55 economies (see Gray and Malone, 2008; and Gray, Merton, and Bodie, 2008, for details) . A firm is in default when the market value of its assets falls short of its debt obligations. The likelihood of default depends on the current value and risk (volatility) of its assets relative to the promised payments on the debt (defined as the default barrier). The implied asset value and volatility are estimated by applying a modified version of the Merton model to equity market data and balance sheet information. For more details on the Merton model and contingent claims analysis, see Appendix II.
The EDFs combine equity price data with data on firms' balance sheet data and often exhibit nonlinear characteristics, reflecting the impact of a broad range of factors, such as the structure of a firm's balance sheet and investors' risk appetite, on the probability of the firm's default. For example, correlations between EDFs for U.S. banks and corporates and U.S. stock prices, in level terms, are 0.3 and 0.6 respectively, while correlations between changes in the respective variables (which are used in the GVAR model) are close to zero. To create country-specific measures of EDFs, we use the time-varying asset-weighted averages of one year-ahead EDFs for all banks and (nonfinancial) corporates. The average number of banks and corporates in emerging and advanced economies does not vary significantly, suggesting that the coverage of firms should not bias the results. See Appendix I for the number of firms in each country.
In GVAR, the bilateral dependence of domestic variable on a foreign variable is proportional to the country-specific weight used to form foreign variables. We use broad financial and trade weights to form foreign values of financial and macroeconomic variables, respectively. This is in contrast to the previous GVAR literature which uses trade weights or narrow financial weights (covering only bank lending relationship) to form foreign values of financial variables (Dees and others, 2007; Galesi and Sgherri, 2009, respectively) . Using the above mentioned financial weights advances the GVAR literature in the direction of improving the model's ability to capture the financial channels of shock transmission.
Financial weights are constructed using currency exposure measures of Lane and Shambaugh (2010) , which summarize bilateral financial asset positions in five instruments: portfolio equity, direct investment, portfolio debt, other general bank-related debt, and reserves. We take the average weight from 1999 to 2004 (the latest data for which Lane and Shambaugh's data are available) as a fixed weight for the four financial variables in the model (Table 1) . To construct measures of foreign industrial production, we use trade weights. These weights are constructed based on the IMF's Direction of Trade Statistics as the share of bilateral goods trade in total trade, averaged over the period from 1996 to 2008 (Table 2 ).
Data limitations, especially for data on financial asset positions, prevent us from using timevarying weights. However, this may not be a major issue as the bilateral patterns of assets and liabilities for most countries in the sample have remained broadly stable during [1999] [2000] [2001] [2002] [2003] [2004] . Also, as shown in Pesaran et al (2004) , the GVAR results are robust to using timevarying (trade) weights. We explore alternative ways to form foreign financial and real sector variables as part of robustness checks.
C. Impulse Responses
Given the short sample period, the study focuses on short-run dynamics. The model is estimated in first differences as the macroeconomic and financial data are found to be integrated of order 1. Identifying the complete set of shocks in equation (8) and computing the impulse response functions in a GVAR model is not straightforward. It requires imposing an enormous amount of identification restrictions due to the large number of economies covered in the study. Therefore, we identify shocks following the approach in Dees and others (2007) and Binder, Chen, and Zhang (2009 . Ordering industrial production first means that it does not respond contemporaneously to the financial shocks. The real short-term interest rate is assumed to react contemporaneously to industrial production shocks, consistent with a Taylor rule. Share prices are allowed to respond to industrial production and the real interest rate, as they reflect expected future macroeconomic fundamentals. The exchange rate is assumed to react to all variables except the EDFs.
The EDFs are assumed to react to all four variables on the grounds that the industrial production shock affects future profits of banks and corporates and hence their default probabilities, while the real interest rate, share price index, and the exchange rate also enter into the calculation of the EDFs through the maturity and composition structure of institutions' balance sheets. We assume that bank EDFs respond to shocks to corporate EDFs, and not the other way around, because loans to corporates constitute a significant portion of banks' assets. An increased likelihood of corporate default is likely to affect bank default probabilities as the quality of banks loan portfolio deteriorate. Of course, one may argue that an unexpected change of bank default probability due to, say, the shortage of liquidity can raise corporate default probabilities because of the tightening of lending conditions. Placing banks' EDFs before corporates' EDFs in the GVAR does not alter the main findings.
The U.S. domestic variables are assumed not to react to shocks to other economies' variables, which amounts to ordering the U.S. economy first. As part of robustness checks, we confirm that an alternative ordering of the remaining economies does not change the impulse response function for the U.S. shocks.
After identifying the EDF shocks, we compute impulse responses of the other variables in the global solution in equation (8) based on correlations between the reduced form shock of each variable and the identified structural shock of the EDF. Such an identification scheme means that zero correlation between the structural EDF shocks and other domestic variables in each economy need not be imposed and the transmission of the shock is determined without any additional restrictions. The impulse response of variables in other economies are computed similarly to the generalized impulse response, which leaves the contemporaneous correlations of the U.S. EDF shocks and structural shocks in other countries unrestricted.
We consider temporary shocks to U.S. bank and corporate distress. Each shock is assumed to last for one month and amount to a one percentage point increase in the default probability of banks and corporates. Since we have controlled for changes in the macroeconomic fundamentals and stock prices that may affect the EDFs, the innovation to the residual should be interpreted as an unexpected shock that worsens the balance sheets of firms and augments the EDF. The correlations of the U.S. EDF shocks and the contemporaneous macroeconomic and financial variables are close to zero.
These shocks usefully illustrate the channels through which bank and corporate distress can be transmitted across the world. However, they are not necessarily suggestive of patterns of contagion during financial crises because bank and corporate distress is likely to be more persistent and greater in magnitude than what is assumed in the paper. Distress during crises may also be associated with nonlinear effects, for example, owing to changes in market liquidity. Such nonlinear effects are not captured in the GVAR.
III. TRANSMISSION OF BANK AND CORPORATE DISTRESS
The results show that financial distress has significant effects on domestic economies activity, with bank and corporate default, equity prices and real activity being affected in tandem. The strength of international spillovers from bank and corporate distress depends on the importance of the economy where the shock originates from. Although the macroeconomic effects of bank and corporate distress are in many ways similar, there are also notable differences. In particular, corporate distress in advanced economies has a larger impact on economic growth in emerging economies than bank distress in advanced economies. On the other hand, advanced economies are more vulnerable to bank distress than to corporate distress. These results are robust to various changes in specification. In addition, we find that controlling for the strength of bank and corporate balance sheets in GVAR amplifies the effects of real and financial sector shocks.
A. Domestic Impact of Bank and Corporate Distress
The impulse response functions associated with a 1 percentage point increase in the probability of default of U.S. banks show that the expected probability of corporate defaults immediately starts to rise, with the impact peaking at about 0.3 percentage points one month after the initial shock ( Figure 1 ). The comovement between bank and corporate default risk (albeit with a lag) reflects the transmission of the shock through the banks' balance sheets, whereby weaker banks tighten lending conditions, hurting borrowers' balance sheets and pushing up their default risk. Higher bank and corporate default risks lead to declines in stock prices (with a maximum impact of 10 percentage points one month after the initial shock) as investors anticipate weaker earnings. The effects on corporate default risk and stock prices are statistically significant at the 90 percent significance level, underscoring the importance of financial and balance sheet channels in the transmission of financial distress.
Other macroeconomic variables move in the expected direction. Industrial production falls, with the maximum impact of 0.3 percentage points two months after the initial shock. The real short-term interest rate rises during the first month after the shock, consistent with the tightening of lending conditions, but over the subsequent months, it declines, likely reflecting an easing of monetary policy. The effects on industrial production and the real interest rate are statistically significant, albeit only two-three months after the initial shock. Prior to this, responses are typically statistically insignificant. The real effective exchange rate depreciates in the first two months after the initial bank distress shock, consistent with slowing economic activity, rising corporate default risk and declining stock prices. These effects are statistically insignificant during the full one year after the shock.
The effects of a 1 percentage point increase in the default probability of U.S. corporates on financial variables are broadly similar to those of an increase in banks distress risk, confirming close linkages between the health of the corporate and banking sector ( Figure 2 ). Bank default risk rises (with the maximum impact of about 0.3 percentage points) within a month after the increase in corporate default risk, as the deterioration in corporate balance sheets worsens the quality of banks' loan portfolio. Stock prices fall (with the maximum impact of about 13 percentage points). These effects are statistically significant, as before, pointing to the strength of linkages between distress in bank and corporate balance sheets and financial markets.
Other macroeconomic variables behave as expected. Industrial production declines, although this effect is statistically insignificant. The real effective exchange rate appreciates by about 2 percentage points, and this effect is statistically significant. One possible explanation is that a shock to corporate default risk may be akin to a negative supply-side shock and be associated with a pickup in inflation. The real interest rate declines as in the case of a bank distress risk shock, although the decline is statistically insignificant.
Shocks to the default probabilities of banks and corporates in other economies have similar effects. The degree of comovement in the default risk of banks and corporates varies, possibly reflecting different degree of financial development, the importance of the corporate sector exposures for banks, and availability of alternative financing sources for (nonfinancial) corporates.
B. International Propagation of Bank and Corporate Distress
Bank and corporate distress in systemically important economies have significant international implications. For example, a 1 percentage point increase in the default probability of U.S. banks immediately raises the probability of German banks' default by about 0.2 percentage points, possibly reflecting an expectation of a tightening of funding conditions and losses on holdings of U.S. assets as well as weaker demand for German export products (Figure 3) . The default probability of German corporates rises by approximately the same magnitude as the default probability of German banks immediately after the shock. Industrial production in Germany declines by a larger magnitude than that in the United States, possibly because the real effective exchange rate for the euro appreciates in contrast to that for the dollar. Bank distress may also have a larger impact on real activity in Germany than in the United States, because bank credit is a more important source of funding for German corporates than for their U.S. counterparts.
The impact of an increase in the default probability of U.S. banks on emerging economies is also significant. For example, as shown in Figure 4 , a 1 percentage point increase in the default probability for the U.S. banks raises the default probability of Brazilian corporates (with the maximum impact close to 1 percentage point). This is a larger effect than that on German corporates, albeit with a one month lag in contrast to the immediate impact on the default risk of German corporates. The larger impact on the corporate default risk in Brazil is consistent with a larger decline in industrial production (by close to 5 percentage points on impact), more than double the impact on Germany's industrial production. It may reflect the fact that Brazil experiences a dual shock of lower demand from the United States and other advanced economy partners, namely Europe and Japan. Although the immediate impact on industrial production is significant, a large depreciation of the exchange rate, helps mitigate the impact on real economic activity and the initial decline in industrial production quickly unwinds. Share prices fall by as much as 15 percent.
Surprisingly at the first glance, the default risk of Brazilian (and Mexican) banks declines in response to the increase in the default risk of U.S. banks. One possible explanation is that the quality of banks' loan books improves as high-quality domestic borrowers substitute away from foreign bank borrowing toward domestic banks. Another explanation, put forward by Kamil and Rai (forthcoming) , is that foreign banks' involvement in Latin America tends to differ from that in other regions: it is mostly conducted through local subsidiaries, with loans denominated in domestic currency and funded through domestic deposits. These differences may help explain why global deleveraging has not affected Latin America as much as other emerging markets during the recent financial crisis.
In contrast to Brazil, an increase in the default probability of U.S. banks has an adverse impact on the default probability for both Chinese banks and corporates. These probabilities rise by about 0.5 percentage points in the first month after the shock ( Figure 5 ). The impact on stock prices and real effective exchange rate is smaller than those in Brazil. The effects on the real interest rate and industrial production are statistically insignificant over the entire horizon of one year.
The direction of the effects of shocks to the default probability of U.S. corporates on Germany, Brazil and China is broadly similar to those of shocks to the default risk of U.S. banks (Figures 6-8) . The effects on the default probability of Chinese banks and corporates are larger in magnitude, suggesting that production chain linkages between China and the United States tend to be larger than those through the financial channels, which is consistent with China's capital account being closed.
The effects of the U.S. bank and corporate distress on other advanced and emerging economies are summarized in Figures 9-10. Distress in U.S. banks and corporates has a significant adverse impact throughout the world, with the magnitude of the impact depending on the strength of financial and trade linkages of the economy in question to the United States, where the shock originates, as well as various structural features of the economy and its policy framework. A 1 percentage point increase in the default probability of U.S. banks is estimated to result in a 0.3-0.5 percentage point increase in the default probability of banks in China, India, Japan and other advanced Europe. The impact on the euro area, Pacific (including Australia and New Zealand) is smaller, around 0.1-0.2 percentage points, while the default probability of the Latin American banks tends to improve, as discussed above.
Distress in the U.S. banking sector tends to be transmitted to the nonfinancial corporate sector, particularly in Latin America and emerging Asia. The apparently close relation between U.S. bank distress and corporate distress in emerging economies may reflect the price sensitivity and reliance of emerging economies' corporates on overseas borrowing from advanced economies' banks, particularly from the United States. The magnitude of the shock transmission to Japan, Pacific (Australia and New Zealand), the euro area, and other advanced economies in Europe is weaker, possibly because of their greater reliance on the domestic sources of funding in contrast to the role of overseas financing in emerging economies.
Industrial production falls in all advanced and emerging economies in response to distress in the U.S. corporate sector. Japan and Latin America are most affected, reflecting their close production and trade linkages with the United States and the composition of their trading partner groups more generally. Consistent with the decline in real activity and a rise in default risk of banks and corporates, stock markets fall across the world. India, Latin America, Newly Industrialized Economies in Asia, and the euro area experience the largest declines in real stock prices (around 15 percentage points). Like in response to U.S. bank distress, a decline in stock prices in China is much smaller than in India, reflecting, among other things, its less open capital account and less developed capital markets. Effects on the real effective exchange rate are mixed, ranging from a 6 percentage point appreciation in Japan to close to 5 percentage point depreciation in Latin America, Australia and New Zealand. The effects of a 1 percentage point increase in the default probability of U.S. corporates are broadly similar to those of the shock to the default probability of U.S. banks.
The aggregation of the impact on emerging and advanced economies shows the similarities and differences in the effects of the U.S. bank and corporate distress on these economies' financial distress (Figure 11 ). U.S. bank distress has a larger impact on the default probability of banks in advanced economies than those in emerging economies, consistent with the former's greater financial openness and integration. The impact of U.S. bank distress on advanced economies' (and global) industrial production is also greater than in response to the U.S. corporate distress, possibly reflecting larger financial accelerator effects associated with the shocks originating in the banking sector as well as greater financial openness of advanced economies than emerging economies. The impact of U.S. bank distress on corporate distress is larger for emerging economies than advanced economies possibly owing to the greater reliance of emerging economies' corporates (especially larger firms) on overseas financing or their greater price sensitivity to financial conditions proxied by U.S. bank distress.
The effects of bank and corporate distress on other macroeconomic and financial variables in advanced and emerging economies are also quite different (Figures 11-12) . First, the impact of U.S. corporate distress on industrial production in emerging economies is considerably larger than that in advanced economies (about 3½ percentage points compared to less than 1 percentage point), consistent with greater trade openness of these economies than that of advanced economies. Other possible reasons are a larger impact on emerging economies' banks and appreciating exchange rates under the U.S. corporate distress shock. Second, the impact of the U.S. corporate distress shock on industrial production in emerging economies also exceeds that of the U.S. bank distress shock, possibly owing to greater importance of trade channels than financial channels in the transmission of shocks to emerging economies. Third, emerging economies' central banks tend to respond more aggressively to shocks emanating from the U.S. corporate sector than from the U.S. banking sector, as reflected in a decline in real interest rates under the former shock and an increase under the latter. This could reflect stronger concerns about the impact of U.S. corporate distress on real activity than direct impact from U.S. bank distress on its own, given strong production linkages. All in all, the findings are broadly consistent with recent crisis experiences, including the larger impact on banking sectors and economic growth in advanced economies than emerging economies.
Shocks to the default probability of banks and corporates in other economies have similar, albeit weaker effects than those of the U.S. shocks, consistent with other economies' smaller role in the global economy and finance than that of the United States.
C. Robustness Analysis
The results are qualitatively robust to a variety of changes in model specifications, including applying the average of trade and financial weights to foreign variables instead of using financial weights for financial variables and trade weights for the real activity variables. The averages take into account the possibility that shocks to all variables are transmitted through both trade and financial channels equally. The results remain very similar to those based on the original specification, including the effects on domestic and spillovers to other economies. However, the magnitude of the effects on the real interest rate vary for some economies, suggesting that the nature of transmission channels has significant bearing on the macroeconomic effects of shocks, particularly on inflation, and hence the monetary policy response.
The results are also robust to using an alternative Wold ordering, particularly, switching the order of bank and corporate default probabilities to allow for the corporate EDF to respond to the bank EDF shock contemporaneously. The rationale for this modification is to allow for the possibility that bank and corporate balance sheets to worsen following a tightening of monetary policy and lending conditions. The results are qualitatively consistent with those based on the original specification, although the ordering of economies by the maximum impact of shocks changes slightly.
Similarly, replacing the real effective exchange rates with bilateral real exchange rates also does not affect the results significantly. The number of observations is insufficient to test the robustness of the results to changes in the sample time period. However, we confirmed that the exclusion of a limited number of economies from the sample does not affect the results significantly.
In addition to the above robustness tests, we examined how the inclusion of bank and corporate default probabilities in the GVAR model affects the direction and magnitude of the macroeconomic effects of shocks and their transmission. We find that the inclusion of these credit risk measures tends to amplify the transmission of shocks (Figure 13 ). This finding suggests that incorporating additional measures of bank and corporate credit risk in a macroeconomic VAR model helps better account for the various financial accelerator mechanisms and bank capital channels.
IV. CONCLUSION
This paper examined how distress in banks and corporates affects domestic economies and gets transmitted to other economies. The analysis is based on a parsimonious GVAR model covering 30 advanced and emerging economies and including not only macroeconomic and financial variables such as stock prices and interest rates but also forward-looking measures of default probabilities for banks and corporates. The model controls for common global shocks, such as oil prices, and uses broad measures of financial exposures to account for various financial channels through which shocks are transmitted across the world.
The analysis confirms strong macro-financial linkages within domestic economies and globally. Bank and corporate distress, especially when originating in systemically important economies, can have adverse implications for global real activity, with stark differences between advanced and emerging economies. Growth in emerging economies is more sensitive to corporate than bank distress, while the opposite is true for advanced economies. This finding may reflect a lower level of financial development of emerging economies compared to advanced economies. Lower financial openness and greater trade openness of emerging economies may also play a role as it implies greater importance of trade and production linkages as channels through which emerging economies are integrated in the global economy. These conclusions are qualitatively robust to a variety of changes in model specification and broadly consistent with experiences during the recent financial crisis. Lane and Shambaugh (2009) for bilateral financial asset positions in five instruments: portfolio equity, direct investment, portfolio debt, other general bank-related debt, and reserves. We take the average weight from 1999 to 2004 (the latest data for which Lane and Shambaugh's data are available) as a fixed weight for the four financial variables in the model. The financial weights for the euro area countries are computed by multiplying the weight for the euro area with the share of the country in the euro area weight for 1998. 
